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© Non-flnear optical material and 



optical device employing ft. 



© A novel organic non-linear optical material and a device using the same are disclosed. The material hardly 
makes reversal symmetrical molecular configuration in a bulk state such as a crystal and a thin layer and shows 
a high non-linear optical effect A non-finear optical device using the material has an excellent properties. The 
organic non-finear optical material Is comprised of (he following compound: 



I 



CO 

in 



CL 
Uf 



wherein Ri. Rj and FU are Independently a hydrogen atom, a cyano group, a phenyl group, an amino 
group, an ataxy group, an acyternino group, an aOcyttdo group, an aflcyl group, an aftoxyycsrbonyl group, 
carbamoyl group or a heterocyclic group. provided that Ri fa allowed to fink together with R« to form a rtng 
and Ri. R, and R* are not hydrogen atom at the same time; Ra fa a hydrogen atom, an alkyl group or an 
scyt group: and said groups represented by Hi. tk. R». FU and the ring formed by linking the groups 
represented by R» and R* are aJtowed to have a subsKuent 
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'^OfWJMEW OPTICAL MATERIAL AND NON-UNEAR OPTICAL DEVICE EMPLOYING IT 

HELD Of THE INVENTION 

^TWs invention rotates to an organic non-flnear optical material applicable fo the generation of the higher 
harmonic wave* and to the parametric onpOfication of laser beam, and to the Bee. and further relates to an 
organic noo-Gnear optical device, employing it 

BACKGROUND OF THE INVENTION 

A norHfoear optical effect Is strikingly displayed when exposing a material to Intensive light such as 
laser beams. Such effect can be appfed to a frequency conversion, an intensity rnoduration, a switching 
operation, and so forth. In recent years, many reasearches and developments have been made for obtaining 
the materials capable of displaying such a nort-finear optica! effect so far. Regarding such research and 
**etopmertt of the non-finear optical material, •Non-linear Optical Properties of Organic Molecules and 
Crystals .vol. 1,2. ecfited by AT a T, Academic Press hta W, can be referred. 

for the frequency conversion and. in particular, for the Second Harmonic Generation (hereinafter 
abbreviated to SHQ) originated from the seconoSonter non-Hnear optical effect there have been some 
mcflcafions of tie possfofflty that an organic compound may display extraonfinarfly higher efficacy man 
th05 ° of the corrventionaHy known Inorganic materials such as lithium nJobate (UNbCb). potassium 
<s, V drD 9 0<1 f rfK ^^ (HDP), and so forth. Such an imflcatJon is found out In, for example, "Organic Non~ 
Snear Optical Materials - . compSed under the supervision of Masao Kato and Hacrnro NakardsW, pubOshed 
by CMC. Company, Japan, 1085. 

The optical norHJneartty of an organic compound originates from * elections of mofocules, and the 
socomHirder non-linear motecufer pofanzabiBty (fi) becomes parficularly greater when the above- men- 
booed compound has both of an electron donative group and an electron attractive group. 

There are. however, many compounds inducing, typically, p-ritranffine which tfisptey no SHG at all or 
a few in their crystalline arrangement even if they have a great molecular non-8near pclarizabffity. This is 
because the molecular orientation In me crystals of polar organic compounds are flable to be centrosym- 
metric In crystaSJne arrangement 

SUMMARY OF THE INVENTION 

It is, erccftfmgry. an object of the invention to provide a novel organic non-Sneer optical material which 
can hardly be inversely symmetric In a bulk state such as those of crystals, thin films and so forth and is 
capable of displaying a high non-Cnear optica! effect and, further, an organic non-finear optical device 
employing the matertaL 

The above-mentioned object of the invention can be achieved with a non-linear optical material 
comprised of a compound following Formula I and a non-Unear optical device employed 

the above-mentioned material 

Formula I 

wherein R», Rj and FU too^pendentty a hydiogeo atom, a cyano group, a phenyl group, an amino group, an 
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ataxy group, acytarnmo group, an aikytthb group, an afcyl group, an afeoxycarbortyt group, a carbamoyl 
group,or a hotarocycflo group, provided that R* to allowed to Bnk together vrth R* to form a ring end Ri, 
Rj and R4 shaS not bo hydrogen atoms at the same time; Ra te a hytfrogen atom, an alkyi group or an Kyi 
group, and tha groups represented by R,. Ra. Ra. R* and the ring formed by EnKng the gnoups represented 
5 by Ri and FU are aflowed to have a subsfituent 



DETAILS} DESCRIPTION OF THE INVEMHOH 

10 

The Invention wfll now be roore detailed below. 

In the above-given Formula I, amino groups represented by Ri. Ri and R* Irictude. for example, a 
methytamino group, a dlmethy lamino group and so forth. 

ABraxy groups represented by Ri. R* and B* tadude, for example, a methoxy group, an ethoxy group, 
15 and so forth. 

Acytemmo groups represented by Ri, Rj and R* include, for example, a benzamfcfo group, an 
acetpflmldo groups and so forth. 
Aflcytthfooro^ represented^ 

Afcyt groups represented by Rt, Ra and R* Include, for example, a methyl group, an ethyl group, and 
20 so forth. 

A&cxycaroortyi groups represented by Rt. Ri and R* Include, for example, a methyl carboxytate group, 
and so fonti. 

Carbamoyl groups represented by Ri. Rj and R» Include, for example, a imtfhytcarbanioyl group, a 
phenylcaibamoyt group, and so forth. 
25 Hetarocycfic groups represented by Ri. Ra and R4 included for example, a pyridyt group, a pyrazor/i 
group, an mttdazofyl group, a pyrfmidyt group, a furyl group, a trttenyl group, and so forth. 

The preferable groups represented by Ri, Rj and R4 Include, for example, a substituted phenyl group. 
The preferable rings completed by Bnkmg R» and R* together include, for example, a benzene ring. 
The rings completed by inking Ra and R* together are aBowed to have a substftuent 
so Alkyl groups represented by R2 fnclude. for example, a methyl group, an ethyl group, and so forth. 
Acyl groups represented by R2incJ^ 

The preferable ones represented by Ra include, for example, a hydrogen atom. 
Ri. Rz. R* and R* are each aflowed to have a subsfituent 

There is no special Smltatton to the subsfituents. but they may be selected from the foflowing electron 
os attractive or electron donative subsftuents. 

The above-mentioned electron attractive subsffluents are those having a Hamroetf s constant op more 
than zero. They include, for example, nitre groups, cyano groups, aflcytsuHdnyf groups such as a 
methylsuifonyi group, a efryfsulfonyJ group and so forth, formyl groups, carbamoyl groups such as a 
memylcaroamoyt group, a phenyicarbamoyl group, and $0 forth, sutfamoyt groups such as a methyteuK 
<o femoyt group, and so forth, oxycarbonyi groups such as a methoxycarbonyl group, an etrwxycartxwyl 
group, and so forth, dkyanovinyt groups, carboxy groups, and so forth. 

Among these, a nhro group, a cyano group, an aBcyisutfbnyl group, a formyl group and an sfcoxycar- 
bonyl group are preferable. 

The above-mentioned electron donative substituents are a halogen atom or those having a Hammetra 
45 constant op less than zero. They include, for example, amino groups such as an amino group, a 
methytemino group, a dimeihytanmo group, a L-24rydroxymemyMi>y^^ group, and so forth, 
hydroxyi groups, altoxy groups such as a methoxy group, an ethoxy group, a butoxy group, and so forth, 
aikyt groups such as a methyl group, an ethyl group, a propyl group, and so forth. 

The compounds represented by Formula I preferably mdude, for example, those having Ri represent- 
60 ing a phenyl group subsfituted wfth an electron aaractfvo subst&uent and R* represenfing a phenyl group 
substituted with an electron donative substftuent, or those having Hi representing a phenyl group 
substituted with an electron donative substftuent and R4 representing a phenyl group substSuted with an 
electron attractive substftuent. 

The compounds preferably appQcabto to the invention wtfl be exompffiied below, ft to, however, to be 
55 uooorstood fotf me invention aha* not be limited thereto. 
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The imidazole rings of the compounds relating to the invention may usuafly bo synthesized by making 
use of araktine having Rt and bromacetcphenone having Rj and R*. For further details, refer to Cfiemlsche 
Barichte. 34, 637 and. idem, 29. 2097. for example. 

The other known synthesizing rnethods are described la for example. Ownische Berichte 3§» 1531. ht 
35, 263a ArtnaJen dec CtiemJe, 800, 65-10a W. 663, Syrthesla. 1078, 6. Journal of Chemical Society. 1957. 
4225. and so forth. 

Hie berafoktezole rings of the compounds relating to the Invention are usuafly synthesized mrough a 
dshydrasen reaction of an oiDheoylenecTamjne derivative with a carbOxySc acid derivative. 

When R* represents an aOcy) group or an acyl group, the imidazole rings may be synthesized by 
reacting imidazole with me corresponding aOcyi haflde or an add chtorWe ki the preeooco of base, or they 
may aiso readBy be synthesized by selecting the raw materials for completing a ring. 



Synthesis Example 1 



Synthesis of Exempfified Compound 1 

50 A soMton was prepared by tfssoMng 15 g of 4-aminosaScyfic acid and 11 g of ptienyfeneolarane In 
150 ml of aaoxana, and 20 g of N^'^flcyctorrexylcarbocSmto was cropped into the solution so as to react 
them tor 4 hours at room temperature. Urea and, then, me solvent were removed from me soiuSon. The 
resuftng solution was heated for 1 hour at 120* C and. then, refined. Yield was 10 g. The total amount 
thereof was dissolved ai 100 mj of acetonarOe and 7 g of benzoyl chloride was added The resuffing 

50 sotufion was refiuxed for 3 hours, and mo resulting reacted solution was cooled down, so mat 13 g of me 
objective crystals were obtained. The structure of the crystals were confirmed w3h an NMR and an FO 
mass-spectrometnr. 
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Synthesis Example 2 



8ynihesls of Exemplified Compound 6 



P^troben2anrti<fln» of 10.25 g was suspended in 50 ml of cfirnethyl fofmamide and 3.11 g of 
bromacetophenone was then added to the suspension. The suspension became exothermic and me color 

io thereof was cfcangd Into feddbMxown. After the reddish-brown solution was cooled down/water was 
added. The resuifing cofld mattera'deposited wore filtrated 

* Yiek±2^7g V 

The structure of the soBd matters were confirmed with an NMR and an FO mase^pectrometer. 
n MeWng point 231* C 



Synthesis Example 3 

TO 

Synthesis of Exemplified Compound 7 



2s o^aniinoacetophenone of 6.75 g was dtesofved in GO ml of acetonltrlle. Pyridine of 5 ml was added. 
Benzoyl chloride of benzoyl chloride was dropped In while stirring. After 3 hours, me solvents were olstSled 
off under reduced pressure. An extraction was carried out by adding water and ethyl acetate. An organic 
layer was dehydrated wtth anhydrous rnagrjesluro sulfate 

A crystal&zaSon deposition was carried out with alcohol. White crystals of o-benzamJ*)brorr^ 
M were thereby obtained. Yield: as g 

In place of the bromaoetephenone used In Example 2. 4.37 g of o-toenzamloobromacetophenorie 
prepared as mentioned above was so used as to be reacted In the same manner as In Example 2. and a 
recrystaffizafion was carried out wi&i alcohol Yield: a65 g 

The structure of the resulting matter was confirmed with an NMR and a FO mass-spectrometer, 
as Mating point Not lower man 2S0* C 

The compounds of the Invention may be used as a non-tinear optical device, when me compounds are 
in various forms Inducing, for example, a sfoojeaystafflne form, a powder form, a Bqutd form, thin Gms 
such as Lartgmuir-aafgett film, a vacuum-evaporated film and so forth, the omer forma in which the 
compound is blended in polymers or Bqtdd-cryataJ molecules, and so forth. Tne compounds of the invention 
40 may also be made pendent to a porymor or used as aciathrate compound or on adcSUon product 

When a non-flneer optical device is appQed to the nonlinear optical material of the Invention, such 
device may be in sny pubicly known waveguide form. As is described in Japanese Patent OJPX Pubficaflon 
No. o>77035fl988, these forms include, for example, a fibre form, a tabular form, and a form In which a 
smote crystal is surrounded by a dadding materfal 
46 The non-Bnear optical devicea of the tavenfoi may be frequency conversion and rnoduiatlon of laser 
bgaro. 1*. generation of me higher harmonic wave, parametric amplication. Intensity modulation, optical 
switching, and so form. 



EXAMPLES 



Now. tie examples wiH be described below. It b, however, to bo understood mat me embodiments of 
the invention shall not be fimfted thereto. 

ss 

Exampfo-1 
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Tho compouncb of the fnvenflon were evaluated for Judging the SHG effect, by the wefl-known powdor 
memod. (Refer to SJt Kurtz and TT. Perry; JL AppL Phya, 39. 3798* 1069 

The fotaring right source was used A Q-switehed NAYAQ laser (the wavelength is 1064 nm) Model 
YQ880A mamrfactured by Ouantel intern a tional. Inc., USA. having a beam diameter of 2 mm. a repefiSon 

5 rate of 10 pps, a pufse width of 10 ns, and a pulse energy of 20 mJ. A powdered sample fffled In a glass- 
cefl was exposed to fre laser beam. The produced 8HO Bgnt 532-nm green fight waa spedrsfly separated 
by means of a fitter and a monochrorneter, and Intensity of which was detected by means of a 
prwtomufflpfer tube, so as to obtain the intensity of SHG of each sample relative to that of urea which Is 
regarded as a value of 1« 

io The results thereof are also shown In Table 1 . below. 



TaWel 



Compound 


SHG Intensity 


Remark 


Urea 


1 for Standard 


Comparative 


m-rtiroan&ne 
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Example 15 
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Invention 



As Is apparent from Table L ft can be found that the compounds of the Invention are excellent non* 
finear optical materials high In SHQ intensity. 



Example 2 

The same compounds of the Invention as those used in Example 1 were oystaOzed Inside a hoSew 
glass fibre so as to make the norrfnear optical devices. When the NdrYAQ laser beam was coupled Into 
these devices from me end-face of the fSbro. 



Claims 

^ 1. A non-finear optical material comprised of a compound represented by the foSowing Formula I: 

I 

R, 

go wnorBm Ri. H> and R* are independently a tiyoYogen atom, a cyano group, a phenyl group, an amino 
group, an ataxy group, an acytaraino group, en akyfthto group, an atkyl group, an aBcoxycarbonyl group, a 
carbarrKJyigrouporar^^ 

and Ri,Rj and R* shafi not be hydrogen atoms at the same time; R* is a hydrogen atom, an atkyf group or 
an acyl group; and said groups represented by Ri, Rx.Rt.Rt and the ring formed by finking the groups 
a represented byRr and fUareaflowed to have asubsfituent 

2. The material of claim 1. wherein said subsffluent Is an electron attractive group selected from a nitro 
gjoup, a cyano group, an aflcyl suBonyi group, a formyt group, a carbamoyl group, a suttamovt group, an 
oxycarborryi group, dJcyanovmyH group and acarboxy group. 
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3, The material of claim 2, whereto said daemon attrecSve group Is a nftro group, a cyano group, an 
aflcyteutfonyf group* a formyl group or an aJkoxycartoonyf group. 

< The materia! of claim 1, wherein sakf substftuent is an electron dortaSve group selected from a 
halogen atom, an amino group, a hydroxy group, an aScoxy group and an aJkyl group. 
6 5. The material of claim 1, wherein one of groups represented by said Ri and R# is a phenyl group 
substituted by an electron attractive group and the other one of these groups Is a phony! group substituted 
by an electron donafive group. 

a The materia) of claim 1 , wherein one of groups represented by Ri . Rt and R* is a substituted phenyl 
group. 

w 7. Tho material of datoi 8, wherein a substftuent of said substituted phenyl group (a a ntoo group, a 

cyano group, an eJkyl euffonyl group, a formyl group, a carbamoyl group, a suttamoyl group, an oxycarbonyl 

group, dcyanovinyl group or a caiboxy group, 

a The material of ctaim a, wherein a substftuent of said substituted phenyl group is a halogen atom, an 

ammo group, a hydroxy group, an alfco^ group or an aJkyl group, 
rs a The material of claim 1, wherein a ring formed by RnWng a group represented by sak) Rj and a 

group represented by saJd R4 is a benzene ring. 

10. The material of dalms 1 or 2 to 9, wherein said Ra Is a hydrogen atom. 

11. A norHtoear opto! device comprisin g a compound represented by the faflowiog Formula t 



20 



29 




wherein Ri. R3 and R* are Independently a hydrogen atom, a cyano group, a phenyl group, an amino 
group, an afeoxy group, an acyterruno group, an afcytthJo group, an aflcyi group, an aJtoxyycarbonyt group, a 
» carbamoyl group or a heterocyclic group, provided 9»at Rj is allowed to Qnk together with R* to form a ring 
and Ri. Rj and R4 shall not be hydrogen atoms at the same time; R* is a hydrogen atom, an aflcyf group or 
an acyl group; and said groups represented by Ri, Rs, Rs, R« and the ring formed by bonding the groups 
represented by R$ and R* ere allowed to have a subsfttuent 

12. The device of claim 11. wherein said substftuent is an electron attractive group selected from a mtro 
38 group, a cyano group, an aflcyt sutforiyf group, a formyl group, a carbamoyl group, a sutfamoyt group, an 

oxycarbonyl group, rJcyar^ 

13. the device of claim 12. wherein said electron attractive group is a nitre group, a cyano group, an 
a&yisuffonyl group, a formyl group or an aikoxycarborryl group. 

14. The device of dalm 11. wherein said substftuent is an electron donative group selected from a 
40 halogen atom, an amino group, a hydroxy group, an alkoxy group or an aflcyi group. 

15. The device of claim 11, wherein one of groups represented by said Rt and R* rs a phenyl group 
substituted by an electron attractive group and the other one of these groups is a phenyl group substituted 
by an electron donative group. 

16. The device of cfaim 11. wherein one of groups represented by Ri, Rt and R* is a substituted 
*5 phenyl group. 

' 17. The device of dalm 18, wherein a subsftuent of sakl substituted phenyl group is a retro group, a 
cyano group, an alkyl suffonyl group, a formyl group, a carbamoyl group, a euWamoyt group, an oxycarbonyl 
group, oleyanovinyt group or a csrboxy group. 

ia The device of claim 18, whereto a substftuent of said sdosfituted phenyl group Is a halogen atom, 
& an amino group, a hydroxy group, an aflcexy group or an alkyl group. 

19. The device of claim 11, whereto a ring formed by BnUng a group represented by said Rj and a 
group represented by said Ri is a benzene ring. 

20l The device of dafans 11 or 12 to 13t whereto sa« R2 te a rryo^ogon etorru 
21. Tte device* claims 11 or 12 to 
« 22. The cevice of claira 21, wherein said device has a fibre form. 

23. Tbedevice of daJm 21. whereto said device has a tabular form. 

24. The device of dakn 21 , wherein sakJ device has a form to which a stogie crystal of said material Is 
surrouncted by a dadoing m a teria l . 
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(Rl) 




(R2), 



NHR3 




C4H9 (n) 



II 



AB 



?i5, l€ "aterial contains a cyan coupler I £R1, R2 = eubstituent; R3 - 
H, alkyl aryl, COR4, C02R4, CONR4R5 , S02R4, S02NR4R5 (R4 = alkyl, aryl, 
S^^ 7 C 95°^'^ " H - alkyl); X = H, group capable of being split 

« c?° n ^ aCtXOn With oxidlze <* product of a developing agent; m => 0-4; n 
Zrlll- - ^pler is excellent in spectral absorption, absorption 

coefficient, and fastness. Thus, II was prepared and used in a color photog. 
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paper to produce high-d. heat-resistant dye image. 
IT 121216-54-4 121216-63-5 121216-65-7 
121216-66-8 

RL : TEM (Technical or engineered material use); USES (Uses) 
(photog. cyan coupler, for heat-resistant image) 
RN 121216-54-4 CAPLUS 

CN Carbaraic acid, (4-[2-{2-[[2-l2 # 4-bis{l l l-dimethylpropyl)phenoxy]-l- 

oxohexyl] amino] phenyl] -S-chloro-lH-iraidazol-4 -yl] phenyl] - , ethyl ester 
(9CI) {CA INDEX NAME) 



Me 
I 




RN 121216-63-5 CAPLUS 

CN Hexanamide, N- [2- [2- (2- (ace tylamino) phenyl] -5-chloro-lH-imidazol-4- 

yl]phenyl] -2- [2,4-bis (1 # l-dimethylpropyl)phenoxy] - (9CI) (CA INDEX NAME) 



Me 

I 




RN 121216-65-7 CAPLUS 

CN Benzaraide, N- (2- [4- [2- I (2- 12, 4-bis (1, l-dimethylpropyl)phenoxy] -3-raethyl-l 
oxobutyl] amino] phenyl] - IH-imidazol -2 -yl] phenyl] -2, 3 ,4, 5, 6-pentaf luoro- 
(9CI) (CA INDEX NAME) 
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F 




RN 121216-66-8 CAPLUS 

CN Butanamide, 2- (2, 4 -bis (1, l-diraethylpropyl)phenoxy] -N- [2- l5-chloro-2- [2- 
1(3,3/3- 1 r i f luoro- 1 -oxopropyl ) amino] phenyl 1 - 1H- imidazol -4 -yl ] phenyl ] - 3 - 
methyl- (9CI) (CA INDEX NAME) 



Me 




P3C-CH2-C-NH 



IT 121216-46-4P 121216-47-5P 121216-49-7P 

RL: SPN {Synthetic preparation); PREP (Preparation) 

(preparation and use of, as cyan coupler for heat-resistant image) 
RN 121216-46-4 CAPLUS 

C3X Benzenepropanamide, N- [2- (2-(2- (benzoyl amino) phenyl) -5-chloro-lH-imidazol- 
4-yl]phenylJ -a-butyl-2,4-bis (1, 1- dime thy lpropyl) -0-oxo- (9CI) 
(CA INDEX NAME) 
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RN 121216-47-5 CAPLUS 

CN Carbamic acid, [2- [4- (2- [ [2- [2, 4-bis <1, l-diraethylpropyl)phenoxy} -1- 

oxohexylJamiiio]phenyl]-lH-imidazol-2-yl]pheiiyl]-, 2 -methylpropyl ester 
(9CI) (CA INDEX NAMB) 




i-BuO— C — NH 



RN 121216-49-7 CAPLUS 

CN Benzamide, N- (2- [4- (2- I {2- [2, 4-bis (1, 1- dime thy lpropyDphenoxy] -1- 

oxohexyl]amino]phenyl]-5-chloro-lH-imidazol-2-yl]phenyl]- (9CI) (CA INDEX 
NAME) 
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Ph-C-NH 
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